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MPROVEMENT in reproductive efficiency is one of the important goals with most species of farm or ranch livestock. This is especially true with sheep which seem to offer a great potential in this respect. The part that inheritance plays in reproduction of this species is not well understood. Earlier attempts to determine heritability of this character (Rendel, 1956; Young, Turner and Dolling, 1963; Purser, 1965; Singh and Rempel, 1967) have generally yielded estimates of low magnitude. However, in general, these workers have not considered the components of the composite character, reproductive efficiency of ewes, as separate entities. The purpose of the present study was to investigate the repeatability and heritability of these components in two flocks of Rambouillet sheep.
Materials and Methods
The two flocks were those maintained by the Texas Agricultural Experiment Station at Sonora and McGregor, Texas. The flocks were of similar genetic origin since the flock at McGregor was established from animals transferred from the Sonora flock in 1949 and there have been several exchanges of breeding animals since this date. However, during the period covered by the study, the two flocks differed markedly in management practices and the possible influence of these differences on the genetic parameters involved produced one of the reasons for undertaking these analyses. The data on the Sonora flock include females born in the 31-year period 1930 to 1960 inclusive with ewe performance records included through the 1967 lambing season. Data from the McGregor flock include those born 1953 to 1963 inclusive with: ewe performance records included through the 1967 lambing season. Except during lambing, the Sonora flock is run under range conditions on a suboptimum nutritional level throughout much of their productive life. During the pe-riod covered by this study, they were on a spring lambing program and were managed very intensively during lambing, resulting in low lamb mortality (approximately 12%). By contrast, the McGregor flock is on a much higher nutritional level resulting in an approximately 10 kg weight advantage on mature ewes. They are on a fall and winter lambing program and receive much less intense supervision and care during lambing, resulting in lamb losses of about 20% for most seasons. The frequency of multiple birth as a percent of ewes lambing was 22.5 in case of the Sonora flock and 34.9 for the McGregor flock. Three traits were classified into either one of two discrete categories as follows: (a) fertility, within a given year (lambing season) a ewe either lambed or did not lamb; (b) prolificacy, for a given parturition either a single or multiple birth; (c) livability, for a given birth a live lamb was weaned or was not. These data were analysed according to the procedures employed by Davenport et al. (1965) . Other analyses of data from these same flocks (Bassett and Shelton, 1966; Campbell, 1962; Shelton and Menzies, 1968) have shown both age of ewe and year of birth to significantly affect ewe performance. Therefore, all analyses were made on a within year of birth and age of ewe basis. This procedure ensures that within a given flock all individuals are contemporary with respect to year of record.
In the calculation of repeatability, the dams were classified as 0 or 1 for each of the three variables in a given year. The difference between the performance of these two groups in the subsequent year, expressed in percent, was used as a measure of repeatability. An example of these calculations is outlined below: Heritability of the three traits involved were calculated by the paternal half-sib method 9 A total of 214 sire-year subclasses were involved in the Sonora data and 88 from McGregor 9 However, the total number of individual sires contributing was somewhat reduced from this 9 Since all analyses were made on a within year basis, any sire which was used in more than 1 year was considered as a separate entry in subsequent years. Also, any sire group which had less than three offspring in any given year age subgroup was dropped from that particular analysis 9 The method of calculation of sum of squares for these all or none traits was that utilized by Davenport et al. (1965) 9 The for-(nl--n_o)n2 mula is: Total sum of squares= nl Where, in the case of fertility data, n~ is the number of ewes exposed and n2 the number lambing in a given year-age subgroup. This procedure was used to compute the sum of squares separately for each sire and the within sire sum of squares was obtained by pooling. The between sire sum of squares was then obtained by difference. Data from the two flocks were not pooled.
Results and Discussion
Means by station and age of ewe for the three variables studied are shown in table 1. These data show the expected variation associated with age of ewe with inferior performance by young and very old ewes.
Repeatability values combining all age groups for the two flocks are shown in table 2. The repeatability of prolificacy was higher than for the other two traits in both flocks, and is the only value which is significant in both flocks based on a chi-square test. Repeatability of prolificacy is the only statistic that is completely unaffected by selection since, insofar as is known, no selection was practiced based on the occurrence of single or twin births. In both flocks, a general practice was followed of culling ewes that were dry in 2 consecutive years. Had this not been practiced, the repeatability of fertility would have been much higher. Based on a limited number of ewes (72) which remained in the flock after two consecutive dry seasons the repeatability estimate was 34.1~o. In the case of livability of lambs, some culling of ewes was practiced (Campbell, 1962; Shelton and Menzies. 1968) indicating again a tendency for alternate year lambing among ewes which are below optimum body weights. Different trends were evident in the case of the other two traits. The repeatability of prolificacy tends to be higher among the young ewes. This relationship is inverse to the frequency of multiple births by the various age groups, indicating that ewes with multiple briths under less favorable conditions such as younger age are more likeIy to repeat than ewes showing multiple births under more optimum conditions. Still a third trend is evident in the case of a higher repeatability value of livability of the lamb at the a The first numeral represents ago of the ewe on which classification was made and the second the year of record.
b Including only data from those years in which twin births occurred among 2-year old ewes. intermediate ages. This trend tends to be opposite to the number of lambs lost, since young and very old ewes tend to lose a greater percentage of their lambs than those in their prime producing years (Campbell, 1962) . With the smaller numbers involved, no obvious age trends in repeatability were evident in the McGregor flock.
The heritability estimates and their standard errors, the latter calculated according to the method of Dickerson (1960) are shown in table 4. The magnitude of these estimates is variable depending on the flock and trait involved, but it seems important that positive values were obtained for each trait in each flock. Theoretically, repeatability should set the upper limits to heritability since the genotype remains unchanged from one season to the next. It is becoming increasingly evident from this and other studies (Davenport et al. 1965; Young et al., 1963; Rendel, 1956 ) that this generalization does not always apply to fertility data with large animal species. Ap- parently the process of successful reproduction, such as raising one or more offspring, can have an adverse effect on the dam resulting in a lowering of repeatability, especially in cases where some element of nutritional stress is involved. This is especially evidenced by the negative repeatability for fertility in the case of the Sonora flock. When the two flocks are contrasted, tiae heritability of fertility appears to be higher in the Sonora flock. The major distinguishing feature of this flock was delayed development due to nutritional stress early in life. There is some indication that heritability for this character is higher for the young animal. Thus, it would appear that certain sire groups may develop at a more rapid rate or reach sexual maturity at an earlier age or smaller size. A separate analysis on this same flock (Shelton and Menzies, 1968) has shown negative phenotypic and genotypic correlations between fleece weight and fertility. Thus, these data appear to suggest that under conditions of nutritional stress some reduction in mature body size or wool production may be necessary in efforts to improve fertility, especially percent ewes lambing at a young age, by genetic means. The positive heritability estimates for livability of Iambs indicate that inheritance plays a part in this component of reproductive efficiency. Death losses of lambs are restricted largely to the first 5 days after birth. The leading causes of death are low temperatures at parturition, small size of lamb at birth, poor mothering instinct of ewe, dystocia, the unavailability of milk, or inability of the lamb to obtain milk. The latter is most commonly due to unusually large teats or strong sphincter muscles on the teat canal. It could be easily visualized that most of the factors, aside from ambient temperature, could be to some degree under genetic control. As would be expected, the heritability of livability was higher in the McGregor flock where the human element has been less of a factor in circumventing the expression of natural influences. This observation suggests that "artificial" rearing of lambs, such as occurs in many stud or registered flocks, could have a negative influence on lamb survival under natural conditions. Some selection for each of the three traits considered here is automatic in nature unless a poor environment or human intervention tends to favor a genotype for an intermediate level of performance. This natural selection is very likely the explanation for the easily demonstrated phenomenon that reproductive efficiency of sheep has increased under domestication, even though selection directly for fertility seems not to have been widely practiced. This increase tends to be greatest among those types produced under more favorable environmental conditions. Fine-wool sheep, of which the Rambouillet is an example, evolved and are raised in extensive range flocks under more arid conditions. Since the time of domestication, purely natural selection has not occurred without the superimposed influence of man. The human element can act in opposition to natural forces selecting for an increase in reproductive efficiency. One example of this has already been pointed out in the case of artificial rearing of lambs. Although this practice may often be justified for economic reasons, caution should be exercised in using animals requiring artificial rearing for breeding purposes. The second, and possibly more important, example is that of unknowing discrimination against twin born individuals where phenotypic selection is practiced. Negative selection pressure is especially likely in large range flocks where birth records are not available and adverse environmental conditions restrict development of those individuals resulting from mulfifoetation. The latter situation has likely acted to hold down the frequency of multiple births in the range sheep industry.
For several reasons, prolificacy, sometimes referred to as litter size, appears to be the character most amenable to artificial selection for improved reproductive efficiency. Of the three traits considered here, this is the one for which natural selection is thought to be less automatic, since in visual selection of replacements at an early age, twin born lambs would be discriminated against. Also, the heritability estimates reported are concerned with the possibility that a given parturition will involve a single or multiple birth. However, a greater selection differential can be obtained by identifying superior genotypes and utilizing these in selection programs. This greater selection differential may be obtained by favoring ewes or rams out of ewes which (a) twin under less favorable conditions, or (b) have a high frequency of multiple births over a period of years or throughout this lifetime, or (c) have collateral relatives with a high level of twinning. Similar opportunities for intensified selection, at least to the same degree, do not exist with the other two traits. Turner et al. (1962) and Young et al. (1963) report favorable results in as few as two generations of selection for multiple births.
Summary
Repeatability and heritability estimates were obtained for three separate entities contributing to total reproductive efficiency in two flocks of fine-wool sheep. The three factors studied were fertility (parous vs. nonparous), prolificacy (single vs. multiple birth for a given parturition) and livability (dead vs. alive at weaning). Each of these traits was classified on an all or none basis and analysed appropriately. A total of 6,483 matings and 6,297 offspring were involved in two flocks. Prolificacy had the highest repeatability (13.20% as an average for the two flocks); whereas, fertility was low (4.4%) with an actual negative value in one flock in which the ewes were on a suboptimum nutritional level. The repeatability of lamb survival was intermediate in both flocks with an average value of 8.27%. Heritability estimates were obtained by paternal half-sib analyses. The highest heritability
